Multi-drug resistance is of great concern for public health worldwide and necessitates the search for new antimicrobials from sources such as plants. Several Magnolia (Magnoliaceae) species have been reported to exert antimicrobial effects on sensitive and multidrug-resistant microorganisms. However, the antimicrobial properties of Magnolia dealbata have not been experimentally evaluated. The antimicrobial effects of an ethanol extract of Magnolia dealbata seeds (MDE) and its active compounds honokiol (HK) and magnolol (MG) were tested against the phytopathogen Clavibacter michiganensis subsp. michiganensis and several human multi-drug resistant pathogens using the disk-diffusion assay. The effects of MDE and its active compounds on the viability of human peripheral blood mononuclear cells (PBMC) were evaluated using MTT assay. MDE and its active compounds had antimicrobial activity (inhibition zone > 10 mm) against C. michiganensis, Pseudomonas aeruginosa, Acinetobacter baumannii, Acinetobacter lwoffii, Candida albicans, Candida tropicalis and Trichosporon belgeii. The results suggest that M. dealbata and its active compounds have selective antimicrobial effects against drug-resistant fungal and Gram (-) bacteria and exert minimal toxic effects on human PMBC.
Since their discovery, antimicrobial drugs have reduced the mortality of infectious diseases. However, the overuse and misuse of these agents have increased antimicrobial resistance, a serious health problem worldwide [1] . Infections caused by multi-drug-resistant microorganisms fail to respond to treatment and result in prolonged illness, longer periods of infectivity and greater risk of death [1] . Therefore, it is necessary to identify novel antimicrobial agents from additional sources including plants. Several species of Magnolia (Magnoliaceae) including Magnolia officinalis Rehder & E. H. Wilson, Magnolia grandiflora (L.), Magnolia liliflora Desr and Magnolia obovata Thunb have antibacterial and antifungal activities [2] [3] [4] [5] [6] . However, most of these antimicrobial effects have been tested on antibiotic-sensitive microorganisms. Honokiol (HK) and magnolol (MG) (Figure 1 ), the major bioactive constituents of Magnolia species [7] , have antimicrobial effects against drug-sensitive bacteria and fungi [4, [8] [9] [10] [11] . Clavibacter michiganensis subsp michiganensis is the cause of the most important disease of tomato (Lycopersicon esculentum), which causes large economic losses worldwide [12] . Magnolia species such as M. obovata and M. officinalis have also shown antimicrobial effects against plant pathogens [13] .
Magnolia dealbata Zucc, endemic of México, is and endangered species but an efficient protocol for its in vitro propagation, and the production of HK and MG has been established [14, 15] . However, no studies regarding its 
Bacterial canker of tomato Amikacin (AMK), chloramphenicol (CHL), tetracycline (TTC), penicillin (PCN), erythromycin (ERY) and neomycin (NEO). FUNBAC is a commercial solution for the treatment of Clavibacter michiganensis (see Methods);* Resistance indicates a diameter of inhibition zones of ≤ 7 mm. # Susceptibility indicates a diameter of inhibition zones of ≥15 mm.
Values are shown as the mean ± standard deviation. Diameter of clear zone includes disk diameter (6 mm). The disk diffusion method is appropriate to initially screen the antimicrobial effects of plant extracts and compounds [16] . All tested human pathogenic microorganisms were resistant to at least three antibiotics but sensitive to neomycin ( Table 1 ). This indicates that the isolates investigated in this study have resistance to several antibiotics.
The HPLC analysis indicated that MDE contained 40 mg/g for HK and 50 mg/g for MG.
MDE had antimicrobial effects against the fungi C. albicans and T. belgeii at 15 and 150 µg/disk, respectively, and 750 µg/disk of MDE resulted in strong inhibitory growth effects on the Gram (-) bacteria P. aeruginosa, A. baumanni and A. lwoffii and the fungus C. tropicalis ( Table 2 ). MG at 0.4 µg/disk had antimicrobial effects against E. faecalis and C. tropicalis, whereas MG at 40 µg/disk showed activity against A. lwoffii ( Table 2) . HK had strong growth inhibitory effects (inhibition zone ≥ 12 mm) against P. aeruginosa, A. baumannii, A. lwoffii, C. albicans and C. michiganensis.
Few studies have evaluated the combination of HK and MG on antimicrobial activity. HK and MG had synergistic effects on antibiotic-sensitive M. smegmatis [10] . In this study, HK at 0.4 µg/disk did not have antimicrobial effects on C. albicans, whereas MG at 0.4 µg/disk resulted in a clear zone of 10 ± 1 mm. A combination of HK and MG at 0.4 µg/disk, each, resulted in a growth inhibition zone of 12 ± 2 mm, suggesting an additive effect between these compounds on C. albicans. HK at 40 µg/disk resulted in a clear zone of 18 ± 1 mm against C. michiganensis, which was the highest antimicrobial effect in this work, whereas MG at 40 µg/disk did not have antimicrobial effects on this bacterium. The combination of HK and MG at 40 µg/disk resulted in a growth inhibition zone of 15 ± 2 mm on C. michiganensis, suggesting an antagonistic effect. Although the zones of inhibition obtained with MDE, MG and HK were not as large as those obtained with the positive control FUNBAC (see methods), these preparations may be an option to treat bacterial canker of tomato. HK and MG have selective antimicrobial effects on several antibiotic-resistant Gram (-) bacteria and fungi. This suggests that MDE and HK were able to cross this lipid membrane to produce effects inside bacterial cells.
Additionally, we tested the effects of M. dealbata preparations on the viability of human peripheral blood mononuclear cells (PBMC) to analyze the toxic effects of these plant preparations on normal cells. MDE, MG or HK did not induce values of relative viability as high (P ≥ 0.05) as those obtained with the positive control LPS at 1 µg/mL. However, these preparations could be considered to be non toxic, as only HK at 100 µM and the combination of HK and MG at 100 µM significantly (P ≤ 0.05) decreased cell viability to values more than 50%. HK was the most toxic against PBMC, followed by MG and MDE (Figure 2) . The results indicate that M. dealbata and its active compounds HK and MG lack mitogenic effects on human PBMC, and suggest that these plant preparations may not have immunomodulatory activities, as they did not stimulate the proliferation of human PBMC. In summary, Magnolia dealbata is a natural source of antimicrobial agents that are active against antibioticresistant fungi and Gram (-) bacteria, and have minimal toxic effects on human PBMC. Further studies of the mechanism of action of MDE and its active compounds are recommended.
Experimental

Preparation of Magnolia dealbata extract and quantification of honokiol and magnolol: M. dealbata
Zucc samples were collected in Veracruz, México in August 2008 and identified and preserved at the herbarium of Instituto de Ecología (XAL), Xalapa México, for future reference under the voucher number 12520.
Dried M. dealbata seeds (3 g) were extracted with ethanol as previously described [17] . The detection and quantification of HK and MG were performed by reversephase HPLC [14] . Retention times and UV spectra of HK and MG from seeds were compared to those of high-purity commercial standards (Sigma Chem., St. Louis, MO, USA). The concentrations of HK and MG in the extract were calculated from calibration plots obtained from dilutions of commercial standards with known concentrations. Extracts and pure compounds were suspended in DMSO and preserved at room temperature, protected from light for bioassays.
Microorganisms:
The following eleven human pathogenic microorganisms were used for antimicrobial tests: three Gram (+) bacteria, five Gram (-) bacteria and three fungi ( 
Mononuclear cell isolation:
Venous blood from healthy adult donors, who gave their consent, was collected in heparinized tubes. The blood samples were diluted with PBS and carefully layered on Histopaque 1077 (Sigma Chem). The mixture was centrifuged at 1200 rpm for 40 min at 15°C. The layer containing human peripheral blood mononuclear cells (PBMC) was washed twice with three volumes of PBS. PBMC were resuspended in RPMI-1640 medium (GIBCO BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS; GIBCO BRL), 100 IU/mL of penicillin and 100 μg/mL of streptomycin.
Cell viability assay: PBMC were seeded at 2.5 x 10 4 cells/well. After 24 h of incubation, MDE at concentrations ranging from 0.1 to 200 µg/mL and HK and MG, alone and in combination at concentrations ranging from 0.1 to 100 μM were added to the cells. LPS (Sigma Chemical) at 1 µg/mL was used as a positive control. After 48 h, 10 µL of 5 mg/mL MTT (3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide, Sigma Chem) in phosphate buffer saline (PBS) was added to each well and the incubation was continued for 3 h at 37°C. The medium was removed and formazan crystals were dissolved in DMSO. The optical density (O.D.) was measured at 590 nm in an ELISA reader (Biorad Laboratories, Hercules, CA, USA) using wells without cells as blanks. The viability of treated cells was estimated from the relative growth as follows:
Statistical analysis: Experimental values are expressed as the mean ± the standard deviation of at least three experiments in triplicate. Data were analyzed using oneway ANOVA and Student´s-t test when necessary. The level of P ≤ 0.05 was used to determine statistical significance. All calculations were performed using the JMP 5.1 program (SAS Institute Inc).
